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Abstract
Renormalizable quartic couplings among new particles are typical of supersym-
metric models. Their detection could provide a test for supersymmetry, discrimi-
nating it from other extensions of the Standard Model. Quartic couplings among
squarks and sleptons, together with the SU(3) gauge couplings for squarks, allow
a new realization of the gluon-fusion mechanism for pair-production of sleptons at
the one-loop level. The corresponding production cross section, however, is at most
of O(1) fb for slepton and squark masses of O(100)GeV. We then extend our inves-
tigation to the gluon-fusion production of sleptons through the exchange of Higgs
bosons. The cross section is even smaller, of O(0.1) fb, if the exchanged Higgs bo-
son is considerably below the slepton-pair threshold, but it is enhanced when it is
resonant. It can reach O(10) fb for the production of sleptons of same-chirality, ex-
ceeding these values for τ˜ ’s of opposite-chirality, even when chirality-mixing terms
in the squark sector are vanishing. The cross section can be further enhanced if
these mixing terms are nonnegligible, providing a potentially interesting probe of
the Higgs sector, in particular of parameters such as A, µ, and tan β.
1 Introduction
It has been realized since quite some time that several extensions of the Standard Model
(SM) share similar signatures at the LHC, as, for example, that of jets, leptons, and miss-
ing transverse energy [1]. This is because such extensions typically have partners of the
SM, with gauge quantum numbers equal to those of the SM particles [2]. Supersymmetric
models, extra-dimensional ones, and little Higgs models are indeed of this type. Among
them, supersymmetric models stand out because the partners have spins that differ by
1/2 from those of the SM particles, whereas in the other extensions have the same spins.
This has prompted several proposal of methods for determining the spin of heavy unstable
particles [3].
Thus, supersymmetric models are also the only ones, at least so far, in which there
exist irreducible renormalizable interactions of four matter partners, of type φ4. Such
interactions may, therefore, offer a new handle to discriminate Supersymmetry (SUSY)
from other extensions of the SM.
The LHC being a hadronic machine, quartic couplings of sleptons, (l˜ ∗l˜)2, contribute
only to processes whose cross sections are suppressed by many powers of the electroweak
couplings. The signals of quartic couplings of squarks, (q˜ ∗q˜)2, may not be easily disentan-
gled from those due to a pair of squarks. The first, simplest scrutiny of quartic couplings,
therefore, may be that of couplings of two sleptons and two squarks (q˜ ∗q˜)(l˜ ∗l˜). Combined
with the strong interaction vertices of squarks and gluons, these give rise, at the quantum
level, to the effective couplings gg l˜ ∗ l˜, and therefore to the gluon-initiated production of
a pair of slepton.
Since Higgs bosons couple to both, a pair of fermions and a pair of scalars, reducible
couplings of four SM partners, two quark partners and two lepton partners, can be built
through the exchange of Higgs bosons also in models in which the partner spins do not
differ from those of the SM particles. Thus, the gluon-fusion production of a pair of
lepton partners is not a special feature of supersymmetric models. The possibility of
discriminating SUSY through this type of studies strongly relies on the impact that the
irreducible quartic couplings of supersymmetric models can have.
To the best of our knowledge, the one-loop process gg l˜ ∗l˜ via quartic couplings, was
never studied before. Surprisingly, very little exists in the literature also about the same
process induced by the exchange of a Higgs boson, gg → H0 → l˜ ∗l˜. It was studied in
Ref. [4] for H0 = h, the lightest Higgs bosons. Since this has a mass clearly below the
slepton-pair threshold, the cross section was found to be very small. The study of this
process was put aside until the authors of Ref. [5] realized that the cross section could
increase if H0 is one of the two heavier neutral Higgs bosons H0 = H,A. Neverheless,
not much attention has been given to this proposal.
Although suppressed by a loop factor and by the coupling αs with respect to that
of the standard Drell-Yan production qq¯ → l˜ ∗l˜, the gluon-fusion cross sections may be
favoured by the fact that, at the LHC, gluon-initiated processes may dominate over the
quark-initiated ones. Given the importance of the quartic couplings that may be probed,
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it is worth studying them in detail.
The paper is organized as follows. In Sec. 2 we study the slepton pair production
processes from gluon fusion induced by quartic couplings. In Sec. 3 we give the complete
one-loop level results, including also the contribution from the Higgs boson-exchange. We
summarize our findings in Sec. 4.
2 Gluon-fusion production from quartic couplings
2.1 Cross section
The relevant quartic interactions in the scalar potential of the Minimal Supersymmetric
Standard Model (MSSM) consist of D-term interactions, proportional to gauge couplings
squared, and F-terms interactions, proportional to Yukawa couplings squared. These are
respectively collected in:
VD ⊃ delieli,eqneqn(q˜ ∗n q˜n)(l˜ ∗i l˜i), VF ⊃ f elielj ,eqmeqn(q˜ ∗mq˜n)(l˜ ∗i l˜j) + H.c., (1)
where q˜n is any of the fields u˜L, d˜L, u˜R, d˜R, of any generation, and l˜i is either the charged
component of the SU(2)L doublet (ν˜L, l˜L) with hypercharge −1/2, or the SU(2)L singlet
l˜R with hypercharge −1, also of any generation. The coefficients delieli,eqneqn and f elielj ,eqmeqn are
listed in Table 1, where g1 and g2 are the coupling constants of U(1)Y and SU(2)L, with
the normalization g1 cos θW = g2 sin θW = e =
√
4πα. The Yukawa coupling matrices,
denoted by hU , hD, and hE, are assumed to be diagonal and real, with only the {3, 3}
element large enough to be relevant for this discussion.
These quartic couplings, together with the SU(3) interactions for squarks:
Kq∗nqng(g) = −gS q˜ ∗n
(
λa
2
)
↔
∂ µ q˜n g
a
µ + g
2
S q˜
∗
n
(
λa
2
λb
2
)
q˜n g
a
µ g
bµ, (2)
allow a realization of the effective couplings gg l˜ ∗i l˜j at the one-loop level, different from
those due to the mediation of an s-channel Higgs boson. In this expression, gS is the
strong coupling and (1/2){λa} are the generators of SU(3).
Examples of loop diagrams giving rise to the effective interactions gg l˜∗i l˜j through
quartic couplings are given in Fig. 1. The corresponding parton-level cross section is
σ̂QC(gg → l˜∗i l˜j) =
α2s
(16π)3
λ1/2(sˆ, m˜li , m˜lj )
sˆ
∣∣∣A˜elieljQC∣∣∣2 , (3)
where λ1/2(sˆ, m1, m2) =[1−(m1+m2)2/sˆ]1/2[1−(m1−m2)2/sˆ]1/2, for the production of two
particles with mass m1 and m2, or simply λ
1/2(sˆ, m) =[1−4m2/sˆ]1/2, the usual β factor,
if m1 = m2 = m. A dependence on the produced slepton masses is also hidden in sˆ, as
2
l∗i lj q
∗
mqn d
elieli,eqneqn f
elielj ,eqmeqn
l˜∗Ll˜L u˜
∗
Lu˜L −
g22
4
− g
2
1
12
−
l˜∗Ll˜L d˜
∗
Ld˜L +
g22
4
− g
2
1
12
−
l˜∗Ll˜L d˜
∗
Rd˜R −
g21
6
−
l˜∗Ll˜L u˜
∗
Ru˜R +
g21
3
−
l˜∗Rl˜R u˜
∗
Lu˜L +
g21
6
−
l˜∗Rl˜R d˜
∗
Ld˜L +
g21
6
−
l˜∗Rl˜R d˜
∗
Rd˜R +
g21
3
−
l˜∗Rl˜R u˜
∗
Ru˜R −
2
3
g21 −
τ˜ ∗Lτ˜R b˜
∗
Rb˜L − (hD)3,3(hE)3,3
Table 1: Coefficients d
elieli,eqneqn and f
elielj ,eqmeqn for quartic squark–charged slepton interactions,
from D- and F-terms. The conjugated term (τ˜∗Rτ˜L)(˜b
∗
Lb˜R) also exists, but given our approxima-
tion for the Yukawa couplings, it has an F-term coefficient equal to that of (τ˜∗Lτ˜R)(˜b
∗
Rb˜L).
the minimum value that sˆ can acquire is sˆmin = (m˜li + m˜lj )
2. The truncated amplitude
A˜
elielj
QC is calculated hereafter.
Since the strong interactions do not change chirality, contributions to A˜
elielj
QC from F-
terms are possible only for nonvanishing chirality-mixing terms in the b˜ squark sector.
These are included in the mass-mixing terms of the scalar potential:
Vch−mix ⊃ u˜∗Rm˜2U,RLu˜L + d˜∗Rm˜2D,RLd˜L + l˜∗Rm˜2E,RLl˜L +H.c., (4)
which contribute, together with those in the chirality-conserving soft mass terms:
V soft2 = (u˜
∗
L, d˜
∗
L) m˜
2
Q
(
u˜L
d˜L
)
+ u˜∗Rm˜
2
U u˜R + d˜
∗
Rm˜
2
D d˜R + (ν˜
∗
L, l˜
∗
L) m˜
2
L
(
ν˜L
l˜L
)
+ l˜∗Rm˜
2
E l˜R, (5)
to the up- and down-squark as well as slepton mass matrices. In our discussion, the
parameters m˜2Q, m˜
2
U , m˜
2
D, m˜
2
L, m˜
2
E are 3×3 diagonal Hermitian matrices and the chirality-
mixing parameters m˜2U,RL, m˜
2
D,RL, m˜
2
E,RL are
m˜2U,RL =
(vuAU−µvd) hU√
2
, m˜2D,RL =
(vdAD−µvu) hD√
2
, m˜2E,RL =
(vdAE−µvu) hE√
2
, (6)
3
q˜n
l˜∗i
l˜j
q˜n
l˜∗i
l˜j
Figure 1: Diagrams contributing to the effective couplings gg l˜∗i l˜j . The big dot indicates a
squark–slepton quartic coupling.
where vd, vu are the vacuum expectation values of the neutral component in the two Higgs
doublets Hd and Hu, with tan β = vu/vd and v
2 = v2d + v
2
u. (Our normalization is such
that MW = gv/2.) The parameters AU , AD, and AE are the massive couplings of the
trilinear soft terms holomorphic in the Higgs fields. We neglect also here any possible
flavor mixing, i.e. AU , AD, and AE are, for our purposes, diagonal matrices, with real
elements, and the terms in Vch−mix are assumed to be sizable only for third-generation
squarks.
If all chirality-mixing terms in Vch−mix are negligible with respect to the soft mass
squared in V soft2 , in which case current eigenstates coincide to a good approximation with
mass eigenstates, only same-chirality sleptons can be produced, induced by D-terms only.
The corresponding truncated amplitude A˜ liliQC has the simple form:
A˜
elieli
QC = −
∑
q=u,d
[
d
elieli,eqLeqLS(sˆ; m˜2qL) + d
elieli,eqReqRS(sˆ; m˜2qR)
]
, (7)
where li labels the type of produced sleptons, li = {lL, lR}, with l = e, µ, τ , and the sum
in q is understood to be over all three generations: u→ u, c, t, and d→ d, s, b. The loop
function S(sˆ; m˜2qn) depends on sˆ and m˜
2
qn only through their ratio:
S(sˆ;m2) = −1 + τf(τ), τ ≡ 4m2/sˆ, (8)
where f(τ) is defined as:
f(τ) =

−1
4
[
log
(
1 +
√
1−τ
1−√1−τ
)
− iπ
]2
τ < 1
+ arcsin2
(
1√
τ
)
τ ≥ 1
. (9)
As mentioned already, there is an implicit dependence on the mass of the produced slep-
tons, due to the fact that sˆmin, the minimal value that sˆ can have, depends on it.
A quick inspection of Table 1 shows that:∑
eqn
d
elLelL,eqneqn =
∑
eqn
d
elRelR,eqneqn = 0, (10)
for each generation of squarks. This is no surprise, as, for each generation, the sums of
the isospin and the weak hypercharge of all quarks and leptons vanish in the SM. The
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consequence of these sum rules is that, in the limit of degenerate squark masses, A˜
elLelL
QC
and A˜
elRelR
QC vanish identically.
A complete degeneracy of all squarks of the same generation, is however unlikely.
Sizable differences between the soft mass of the right-handed and left-handed squarks at
low energy are present in most supersymmetric models. To give an example, in models
with universal boundary conditions for soft masses at some high scale, typically the Planck
mass or the scale of grand unification, a sufficient splitting between the soft mass of
the right- and left-handed squarks at the electroweak scale is induced by the fact that,
contrary to m˜2U and m˜
2
D, m˜
2
Q feels the effect of the SU(2)L gaugino during the downward
evolution. In typical gauge-mediation models, with a weekly coupled messenger sector, a
splitting is already present at the scale of SUSY breaking and may be further enlarged
by a subsequent evolution down to the electroweak scale. Thus, the value of A˜
elieli
QC can be
easily lifted from zero.
If some of the terms in Vch−mix cannot be neglected, the expression for A˜
elieli
QC in Eq. (7)
is not valid. Indeed, even for small values of tan β, the above approximation may fail
for t˜ squark states, but also for other squarks states, for large values of AU or AD. In
this case, the cross section must be expressed in terms of the sfermion mass eigenstates:
f˜1 = f˜L cos θf + f˜R sin θf , f˜2 = f˜L sin θf − f˜R cos θf , and the mixing angles θf , whose sine
and cosine are often abbreviated in the following as sf and cf , respectively. That for t˜
squarks is defined by the relation:
cos 2θt =
(m˜2
U¯
)3,3 − (m˜2Q)3,3 + (∆D)u
m˜2t2 − m˜2t1
, (11)
where the numerator is the difference between the often called right-right and left-left
diagonal entries in the t˜ squark mass matrix. In particular, (∆D)u is the difference of
the D-term contributions to these entries. A similar formula holds for b˜ squarks, with
the replacements (m˜2
U¯
)3,3 → (m˜2D¯)3,3, m˜2ti → m˜2bi (i = 1, 2), and (∆D)u → (∆D)d. It
can be easily adapted also to the case of τ˜ sleptons. The explicit expressions for (∆D)u,
(∆D)d, and (∆D)l can be found in any pedagogical review of SUSY. (See for example
Ref. [9].) For tanβ >∼ 3, which is always assumed in this paper, these quantities can be
approximated as
(∆D)u = +
1
6
M2Z , (∆D)d = −
1
3
M2Z , (∆D)l = 0. (12)
Notice that the usual two-fold ambiguity in the definition of cos 2θt has been implicitly
removed with the assumption (m˜2
U¯
)3,3 < (m˜
2
Q)3,3 − (1/6)M2Z . In the limit of vanishing
chirality-mixing terms for a sfermion f , cos θf → 0, f˜1 → f˜R, and f˜2 → f˜L.
The generalization of A˜
elieli
QC to the case of nonnegligible chirality-mixing terms in the
squark sector is then straightforward:
A˜
elieli
QC = −
∑
q=u,d
[(
d
elieli,eqLeqLc2q + d
elieli,eqReqRs2q
)
S(sˆ;m2eq1) +(
d
elieli,eqLeqLs2q + d
elieli,eqReqRc2q
)
S(sˆ;m2
eq2
)
]
. (13)
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These truncated amplitudes apply to the production of pairs of same-chirality sleptons
of first and second generations, for any value of tan β, and to the production of a pair of
same-chirality τ˜ ’s, for small values of tan β.
When tan β is large, however, the chirality-mixing terms in the τ˜ sector may not be
small. (See also Sec. 2.2.) Thus, τ˜L and τ˜R are not mass eigenstates anymore. The
truncated amplitudes for the production of the three final states τ˜1τ˜1, τ˜2τ˜2, and τ˜1τ˜2 are
A˜ eτ1eτ1QC = c
2
τ A˜
eτLeτL
QC + s
2
τ A˜
eτReτR
QC ,
A˜ eτ2eτ2QC = s
2
τ A˜
eτLeτL
QC + c
2
τ A˜
eτReτR
QC ,
A˜ eτ1eτ2QC = (sτcτ )
[
A˜ eτLeτLQC − A˜ eτReτRQC
]
. (14)
If among the nonvanishing terms of Vch−mix there is also (m˜
2
D,RL)3,3, F-terms induce a
contribution to the cross section for the production of opposite-chirality sleptons. This is
of relevance only for large values of tan β and for the production of a pair of τ˜ sleptons.
Notice that no chirality-mixing terms in the τ˜ sector is necessary for this contribution to
exist. As mentioned earlier, however, since tanβ is large, it is hard to imagine that such
mixing terms really vanish. The truncated amplitudes for the production of the three
final states τ˜1τ˜1, τ˜2τ˜2, and τ˜1τ˜2 are now
A˜ eτ1eτ1QC = +2(sτcτ )A˜
eτLeτR
QC ,
A˜ eτ2eτ2QC = −2(sτ cτ )A˜ eτLeτRQC ,
A˜ eτ1eτ2QC = −(c2τ − s2τ )A˜ eτLeτRQC . (15)
Here, A˜ eτLeτRQC is the truncated amplitude obtained from the F-term quartic couplings in
the limit of vanishing chirality-mixing terms in the τ˜ sector:
A˜ eτLeτRQC = −
g22
2
mbmτ
M2W
1
cos2 β
(sbcb)
[
S(sˆ; m˜2b1)− S(sˆ; m˜2b2)
]
. (16)
Notice that these truncated amplitudes scale as tan2 β, for any value of tanβ >∼ 3, and are
also very sensitive to |(m˜2D,RL)3,3|. Since | cos θb sin θb| ∼ |(m˜2D,RL)3,3|/(m˜2b2 − m˜2b1), they
roughly scale linearly in this parameter.
At large tan β, when both contributions from D- and F-term couplings exist, the trun-
cated amplitudes A˜ eτ1eτ1QC , A˜
eτ2eτ2
QC , and A˜
eτ1eτ2
QC are obtained by summing up those in Eqs. (14)
and (15).
2.2 Results
We are now in a position to show some results, focussing on spectra that showcase sepa-
rately the contribution from F- and D-terms.
6
2.2.1 D-term contributions
For the first spectrum, or spectrum A, we choose all left-handed squarks and the right-
handed ones of down-type to be heavy, i.e. 1TeV, whereas the right-handed squarks of
up-type and all sleptons are light. The values chosen here for the massive parameters
in the down-squark sector are somewhat extreme, given how light the other squarks are.
Indeed, it does not need to be so large, as the contribution from loops with squark heavier
than a few hundred GeV decouples quite rapidly. The chirality-mixing terms (m˜2U,RL)ii
and (m˜2E,RL)ii, with i = 1, 2, 3, are assumed to be vanishing, whereas the terms (m˜
2
D,RL)ii
do not need to be specified, as the down-squarks are decoupled from our problem. Thus,
the diagonal entries in the up-squark mass matrix and in the slepton mass matrices are
mass eigenvalues. We denote the up-squarks relevant for our calculation m˜uR , m˜cR, m˜tR .
Under the assumption that all three entries in the diagonal matrix m˜2
U¯
are equal, m˜uR ,
m˜cR are given by m˜
2
q ≃ (m˜2U¯)ii −M2Z/6, for i = 1, 2 (see Eq. (12)), whereas m˜tR receives
also the F-term contribution m2t .
In summary, this spectrum is specified as follows:
spectrum A :
squarks :

(m˜2Q)ii = (m˜
2
D¯
)ii = (1TeV)
2 (i = 1, 2, 3),
(m˜2U,RL)ii ≃ 0 (i = 1, 2, 3),
m˜2uR = m˜
2
cR
≡ m˜2q ≪ (m˜2Q)ii,
m˜2tR = (m˜q)
2 + m2t ,
sleptons :

(m˜2E,RL)ii ≃ 0 (i = 1, 2, 3),
m˜eL = m˜µL = m˜τL ,
m˜eR = m˜µR = m˜τR .
(17)
With this spectrum, only the production of same-chirality sleptons is possible, induced
by the D-term contributions to the quartic couplings, d
elieli,euReuR. We allow values for m˜q
in the interval [100, 200]GeV. Notice that the mass of the third generation right-handed
t˜ squarks ranges approximately between 200 and 260GeV. Since it is heavier, it gives a
contribution to the cross sections smaller than that of the other right-handed up squarks.
The production cross sections are shown in Fig. 2 as a function of m˜q. The upper
line (the red solid line) corresponds to the production of right-handed sleptons, which
decreases from 1.6 fb to 0.25 fb in the mass range considered. The lower line (the blue
dot-dashed line) corresponds to the production of left-handed sleptons, which is smaller
by a factor four. This is due to the fact that the hypercharge of right-handed leptons is
twice as large as that of left-handed ones, d
elRelR,euReuR/d
elLelL,euReuR = −2.
These, as well as all other cross sections shown in this paper are obtained using the
CTEQ6L parton distribution functions [10], with factorization and renormalization scales
fixed at
√
sˆ and the adaptive Monte Carlo integration program BASES [11].
The cross sections shown in this figure apply to the production of first and second
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Figure 2: Quartic-coupling induced cross sections for the production of a pair of 100GeV, same-
chirality sleptons obtained for the spectrum A (see Eq. (17)). The upper (red solid) and lower
(blue dot-dashed) line correspond to right-handed and left-handed sleptons, respectively. These
cross sections apply to the production of first and second generation sleptons for any value of
tan β, of third generation, only for low tan beta (see discussion in the text).
generation sleptons, for any value of tanβ, and to the production of a τ˜ ’s pair only for
low tanβ. This is due to the fact that for large values of tanβ the Yukawa coupling of
the τ lepton is nonnegligible, and the condition (m˜2E,RL)33 ≃ 0 can only be realized by
tuning (AE)3,3 to cancel µ tanβ. Large values of |(AE)3,3|, however, may have to be re-
quired for this cancellation, possibly producing charged minima lower than the electroweak
one [7]. Of course it is still possible to assume that the local charge-preserving vacuum is
metastable, with a lifetime greater than the age of the Universe [8]. Nevertheless, given
how light the slepton spectrum is, also the metastability of the charge-preserving vacuum
may be jeopardized by a large value of tan β. Therefore, it is safe to say that the cross
section in this figure apply to the production of a pair of τ˜ ’s only in the case of small
values of tan β.
It should be noted here that the spectrum A has been tailored to maximize the value
of these two production cross sections. On one side, the lightness of some of the squarks
in this spectrum is extreme. On the other side, the choice of the up-type right-handed
squarks as the light ones, has also contributed to increase the cross sections. The choice
of the right-handed down squarks as light would have given smaller cross section, due to
the fact that the corresponding quartic couplings have a ratio d
elieli,euReuR/d
elieli,edR edR = −2.
A similar suppression factor is found in the situation in which the left-handed squarks are
light, whereas the right-handed ones decouple from the problem. Due to SU(2)L gauge
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invariance, the equality of the eigenvalues m˜2uL = m˜
2
dL
holds to a very good approximation,
except for the third generation. Thus, the two squarks u˜L and d˜L exchanged in the loop
contribute only with the U(1)Y part of their couplings d
elieli,euLeuL and d
elieli,edL edL . As Table 1
shows, they contribute to the cross sections as much as one right-handed down squark of
equal mass does.
The cross sections shown in this figure, therefore, can be considered as an upper bound
for the value of quartic-coupling induced cross sections. One could try to increase this
bound by taking (m˜2Q)33 smaller than (m˜
2
Q)ii (i = 1, 2), and therefore lowering the value
of m˜tR . The gain is, however, quite small, as m˜tR cannot get down to the values of m˜uR
and m˜cR. A substantial chirality-mixing term in the t˜ squark sector, could lower the value
of m˜t1 . As Eq. (14) shows, the contribution of such a lighter t˜1 to the cross section would,
however, get penalized by the mixing angle sin θt.
2.2.2 F-term contributions
Large chirality-mixing terms in the b˜-squark sector are needed to have a nonvanishing con-
tribution to the production of opposite-chirality τ˜ sleptons from the F-term (hD)33(hE)33.
Indeed, the corresponding cross section scales slightly more strongly than r2b , where rb is
defined as |(m˜2D,RL)3,3| = rbm˜2b1 , and as (sin 2θb)2 (see Eq. (16)). Thus, both these param-
eters need to be maximized, while keeping the b˜-squark and the τ˜ -slepton relatively light,
in order to explore an upper bound for this cross section. Moreover, given its scaling like
(tan β)4, also tan β needs to be large. As a consequence, the τ˜ -slepton sector needs to be
strongly mixed as well.
We start by requiring cos θb = sin θb = 1/
√
2, so that cos 2θb = 1 (see Eq. (11)). This
requirement fixes also m˜2b2 in terms of m˜
2
b1
and rb. It is, indeed, m˜
2
b2
= (1+2rb)m˜
2
b1
. Strictly
speaking, only the b˜-squark sector needs to be specified for this cross section. Nevertheless,
if we require also a maximal mixing in the t˜ sector, ı.e. cos θt = sin θt = 1/
√
2, because
of SU(2)L gauge invariance, the above numbers specify also the diagonal entries in the t˜
squark mass matrix. As a consequence, m˜2t1 and m˜
2
t2 are fixed in terms of m˜
2
b1
, rb and rt, a
parameter analogous to rb: |(m˜2U,RL)3,3| = rtm˜2t1 . The choice rt = rb gives a t˜-squark sector
closely mirroring the b˜-squark sector, and it helps suppressing the production cross section
of same-chirality sleptons through a partial cancellation of the D-term contributions. By
pushing all other squark masses at the TeV level, all other contributions from D-term
couplings are suppressed.
We therefore examine the following squark spectrum:
(m˜2Q)ii = (m˜
2
D)ii = (m˜
2
U)ii = (1TeV)
2 (i = 1, 2),
|(m˜2U,RL)ii|, |(m˜2D,RL)ii| ≪ (m˜Q)ii (i = 1, 2),
|(m˜2D,RL)3,3| = rbm˜2b1 , |(m˜2U,RL)3,3| = rbm˜2t1 , θb = θt = 450,
m˜2t1 =
[
m˜2b1(1 + rb) +m
2
t − (34)M2Z
]
/[1 + rb]
m˜2b2 = (1 + 2rb)m˜
2
b1
, m˜2t2 = (1 + 2rb)m˜
2
t1 ,
(18)
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Figure 3: Cross section for the production of a pair of 100GeV opposite chirality τ˜ ’s induced
by F-term quartic-coupling, for tan β = 30 and the spectrum of Eq. (18). This may be regarded
as an upper bound of the F-term contribution to the cross section; see discussion in the text.
If we let m˜b1 take values in the same interval [100, 200]GeV chosen before for the
lightest squark masses in the spectrum A, the values of m˜b2 span an interval fixed by
rb, such as [150, 300]GeV for rb = 62.5%. This choice brings |(m˜2D,RL)3,3|1/2 to be within
∼ 80 and 160GeV, the two t˜ squark eigenstates t˜1 and t˜2 to have masses in the intervals
∼ [150, 230]GeV and ∼ [230, 340]GeV, respectively, and |(m˜2U,RL)3,3|1/2 to lie between
∼ 120 and 180GeV.
We show in Fig. 3 the cross section for the production of opposite chirality τ˜ states of
100GeV, assumed here to be mass eigenstates, obtained with this spectrum and tan β =
30. The cross section decreases from about 0.6 fb to 0.06 fb in this b˜1 mass range. Despite
having a slightly steeper shape, it is comparable to the cross section for the production
of a pair of left-handed sleptons shown in Fig. 2.
The values shown in this figure, however, may not be achieved for realistic sfermion
spectra. The most serious problem is the magnitude of |(AD)33|, which tends to lie at
the 1TeV level or above for all values of rb , when tanβ has the value chosen here. Such
values of |(AD)33| lead to a charge beaking vacuum [7], with lifetime shorter than the age
of the Universe [8]. Towards the higher end of the values of m˜b1 in Fig. 3, however, the
value of |(AD)33| can become sufficiently small to guarantee a long enough lifetime of the
metastable electroweak vacuum, provided tanβ does not significantly exceed the value of
10. An inspection of Fig. 3 shows that such a decrease in tanβ would immediately plunge
the corresponding cross section to values of O(10−2) fb. An additional suppression comes
also from relaxing the assumption of vanishing chirality-mixing terms in the τ˜ -slepton
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sector, made for this figure. This assumption is also a problematic one, since it induces
unacceptable values for |(AE)33|.
We therefore abondon the idea of studying further the contribution from F-term quar-
tic couplings to the slepton production cross section from gluon fusion. Hereafter, the
contribution from quartic couplings to the cross section should be understood as induced
by D-terms only.
3 The one-loop gg → l˜∗l˜ cross section
Effective gg l˜∗i l˜j interactions can also be induced by the decay into a slepton pair of a
neutral Higgs boson, produced at the one-loop level through gluon fusion. Examples of
Feynmann diagrams giving rise to these effective interactions are shown in Fig. 4. There
exists also a squark-bubble diagram analogous to that in Fig. 1, with a neutral Higgs
boson emerging from the bubble to produce the slepton pair. The complete cross section
including also the contribution from these diagrams has a more complicated dependence
on the supersymmetric parameter space than that obtained only from slepton-squark
quartic couplings, as it depends also on the Higgs-sector parameters.
The neutral Higgs boson exchanged in the s-channel is one of the mass eigenstates
obtained from suitable rotations of the neutral components of the two Higgs doublets H0d
and H0u, the two scalar Higgs bosons, h and H , and the pseudoscalar one, A:
H0d =
1√
2
{
v cos β + (cosαH − sinαh) + i (sin βA+ cos βχ0)} ,
H0u =
1√
2
{
v sin β + (sinαH + cosαh) + i
(
cos βA− sin βχ0)} , (19)
where χ0 is the Goldstone boson. Once radiative corrections to the Higgs sector are
included, the angle α is determined by the relation [12]:
tan 2α =
m2A +M
2
Z
m2A −M2Z + ǫ/ cos 2β
tan 2β, 0 > α > −π
2
, (20)
where ǫ is a correction factor proportional to the fourth power of the t-quark mass:
ǫ =
3GF√
2π2
m4t
sin2 β
log
(
1 +
m˜2
m2t
)
(21)
with m˜, the scale of the t˜ scalar masses. The mass of the two physical states h and H are
m2h ≤ M2Z | cos 2β|+ ǫ sin2 β,
m2H = m
2
A +M
2
Z −m2h + ǫ, (22)
with the complete expression for mh given by:
m2h =
m2A+M
2
Z+ǫ
2
−
[(
m2A+M
2
Z+ǫ
2
)2
−m2AM2Z cos22β −ǫ
(
m2A sin
2β +M2Z cos
2β
)]1/2
, (23)
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Figure 4: Diagrams contributing to the effective couplings gg l˜∗i l˜j , through exchange of a neutral
Higgs boson in the s-channel. The symbol H denotes h and H.
whereas mA can be considered a free parameter. Although the state-of-the-art of radiative
corrections to the Higgs sector [13] is far more sophisticated than the sketchy picture
given here, this description is sufficient for our discussion. In the following numerical
evaluations, we use the Higgs boson masses and widths from CPSUPERH [14].
The three neutral Higgs bosons h, H , and A couple to a fermion f as:
VH−ferm = Yhff f¯fh+ YHff f¯fH + i YAff f¯γ5fA+ i Yχ0ff f¯γ5fχ
0, (24)
with
Yhtt =
(hU)3,3√
2
cosα, YHtt =
(hU)3,3√
2
sinα,
YAtt =
(hU)3,3√
2
cos β, Yχ0tt = −
(hU)3,3√
2
sin β, (25)
when f is the t quark, and
Yhbb = −
(hD)3,3√
2
sinα, YHbb =
(hD)3,3√
2
cosα,
YAbb =
(hD)3,3√
2
sin β, Yχ0bb =
(hD)3,3√
2
cos β, (26)
when it is the b quark.
The trilinear couplings of h, H , and A to squarks and sleptons originate from the
trilinear soft SUSY-breaking terms, which can be read off from Eqs. (4) and (6) when
vi/
√
2 is replaced by Hi, i = u, d, and from the superpotential µ term:
Vtril = t
H0i,esResL H0i (s˜
∗
Rs˜L) + f
H0∗i ,esResL
µ H
0 ∗
i (s˜
∗
Rs˜L) + H.c.
{
s = u, d, l
i = u, d
, (27)
as well as from quartic couplings from D- and F-terms:
VD ⊃ dH0i H0i,esnesn (H0 ∗i H0i )(s˜∗ns˜n),
VF ⊃ fH0i H0i,esnesn (H0 ∗i H0i )(s˜∗ns˜n),
{
sn = uL, dL, lL, uR, dR, lR
i = u, d
, (28)
in which one of the two neutral Higgs bosons acquires a vacuum expectation value. A list
of these couplings is given in Table 2.
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Higgs(es) smsn d
H0i H
0
i, esnesn fH
0
i H
0
i, esnesn f
H0∗i , esmesn
µ tH
0
i,esmesn
H0 ∗d H
0
d u˜
∗
Lu˜L +
g22
4
− g
2
1
12
− − −
H0 ∗d H
0
d d˜
∗
Ld˜L −
g22
4
− g
2
1
12
h2D − −
H0 ∗d H
0
d u˜
∗
Ru˜R +
g21
3
− − −
H0 ∗d H
0
d d˜
∗
Rd˜R −
g21
6
h2D − −
H0 ∗d t˜
∗
Rt˜L − − −µ(hU )3,3 −
H0d b˜
∗
Rb˜L − − − (AD)3,3(hD)3,3
H0 ∗d H
0
d l˜
∗
Ll˜L −
g22
4
+
g21
4
h2E − −
H0 ∗d H
0
d l˜
∗
R l˜R −
g21
2
h2E − −
H0d τ˜
∗
Rτ˜L − − − (AE)3,3(hE)3,3
H0 ∗u H
0
u u˜
∗
Lu˜L −
g22
4
+
g21
12
h2U − −
H0 ∗u H
0
u d˜
∗
Ld˜L +
g22
4
+
g21
12
− − −
H0 ∗u H
0
u u˜
∗
Ru˜R −
g21
3
h2U − −
H0 ∗u H
0
u d˜
∗
Rd˜R +
g21
6
− − −
H0u t˜
∗
Rt˜L − − − (AU)3,3(hU )3,3
H0 ∗u b˜
∗
Rb˜L − − −µ(hD)3,3 −
H0 ∗u H
0
u l˜
∗
Ll˜L +
g22
4
− g
2
1
4
− − −
H0 ∗u H
0
u l˜
∗
R l˜R +
g21
2
− − −
H0 ∗u τ˜
∗
Rτ˜L − − −µ(hE)3,3 −
Table 2: Scalar potential couplings of the interactions among the neutral components of the two
Higgs doublets and sfermions. The Hermitian conjugates of the interactions listed here between
one Higgs boson and two opposite-chirality sfermions also exist. In the approximation of real
SUSY-breaking parameters and real µ their couplings coincide with those given in this table.
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sn = lL, lR (hS=hE); dL, dR (hS=hD) sn = uL, uR
g hesnesn
[
s(β+α) d
H0uH
0
u,snsn − h2S cβsα
] [
s(β+α) d
H0uH
0
u,snsn + h2U sβcα
]
gHesnesn
[
c(β+α) d
H0
d
H0
d
,snsn + h2S cβcα
] [
c(β+α) d
H0
d
H0
d
,snsn + h2U sβsα
]
s = l (hS=hE ,AS=AE); d (hS=hD,AS=AD) s = u
g hesResL (−AS sα − µcα)hS/(
√
2 v) (+AU cα + µsα)hU/(
√
2 v)
gHesResL (+AS cα − µsα)hS/(
√
2 v) (+AU sα − µcα)hU/(
√
2 v)
gAesResL (+AS sβ + µcβ)hS/(
√
2 v) (+AU cβ + µsβ)hU/(
√
2 v)
gχ0esResL (+AS cβ − µsβ)hS/(
√
2 v) (−AU sβ + µcβ)hU/(
√
2 v)
Table 3: Couplings of sfermions to the mass eigenstate neutral Higgs bosons H = {h,H} and
A. The couplings gHesLesR, gAesLesR, and gχ0esLesR, not explicitly listed, coincide respectively with
gHesResL, gAesResL , and gχ0esResL in the approximation of real SUSY-breaking parameters and real µ.
The symbols cx, sx are abbreviations of cosx, sinx. Only the third generation Yukawa couplings
(hU )3,3, (hD)3,3, and (hE)3,3 are assumed to be nonvanishing.
In terms of the neutral mass eigenstate Higgs bosons, these trilinear interactions have
the compact form:
VH−sfermion ⊃ v (g hesnesnh+ gHesnesnH) (s˜∗ns˜n) +
[v (g hesResLh+ gHesResLH + i gAesResLA+ i gχ0esResL) (s˜
∗
Rs˜L) + H.c.] , (29)
with couplings listed explicitly in Table 3.
We note here that also in this case sum rules analogous to those in Eq. (10) exist for
each generation of squarks:∑
eqn
dH
0
uH
0
u, eqneqn =
∑
eqn
dH
0
d
H0
d
, eqneqn = 0. (30)
As a consequence, similar sum rules hold for the D-terms contributions to the couplings
g heqneqn and gHeqneqn.
This mechanism of production of a pair of sleptons through gluon fusion may also be
regarded as a test of SUSY, although triple couplings of partners of the SM particles are
not unique of SUSY models. In particular, unlike the Drell-Yan production mechanism,
the gluon-fusion mechanism mediated by the exchange of a Higgs boson can probe the
Higgs sector, the µ parameter, tan β, and the trilinear A terms.
The parton-level cross section for the gluon-fusion production of a pair of sleptons,
can be expressed in terms of two form factors, which parametrize the effective Lagrangian
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induced at the one-loop level by quartic-couplings and Higgs-exchange diagrams:
Lgg→el∗i elj =
αs
4π
{
A
elielj
S
(
gµν− 2k
µ
2k
ν
1
sˆ
)
+ A
elielj
P ǫ
µν
αβ
(
2k1k2
sˆ
)}
δab ǫ
α
µ(k1)ǫ
β
ν (k2) l˜
∗
i l˜j . (31)
Here ǫµναβ is a fully antisymmetric tensor, with ǫ0123 = 1, k1 and k2 are the momenta
of the two initial gluons, and A
lilj
P is generated by the diagram with exchange of the
pseudoscalar Higgs boson A, whereas all the other contributions are included in A
elielj
S :
A
elielj
S = A˜
elielj
QC + A
elielj
S,H + A˜
elielj
S,H. (32)
In this expression, the tilde distinguishes the contributions from scalar loops (A˜
elielj
QC is the
truncated amplitude discussed in the previous section), and the subscript {H} refers to
diagrams with exchange of a scalar Higgs boson, i.e. H = h,H . Notice that, because
of our assumption of imaginary igAesLesR couplings and real chirality-mixing terms in the
sfermion sector, there is no contribution to A
elielj
S from the exchange of the pseudoscalar
Higgs boson.
In terms of A
elielj
S and A
elielj
P the parton-level cross section is
σ̂(gg → l˜∗i l˜j) =
α2s
(16π)3
λ1/2(sˆ, m˜li , m˜lj)
sˆ
{∣∣∣AelieljS ∣∣∣2 + ∣∣∣AelieljP ∣∣∣2} . (33)
The expression for A
elielj
S,H and A
elielj
P (which strictly speaking should be labelled A
elielj
P,A)
coming from fermion loops are
A
elieli
S,H = −
∑
H=h,H
g
Helielj
(
v
mt
)(
1
1−m2
H
/sˆ+imHΓH/sˆ
)
YHtt F (sˆ;m
2
t ), (34)
A
elLelR
P = − gAelLelR
(
v
mt
)(
1
1−m2A/sˆ+imAΓA/sˆ
)
YAtt P (sˆ;m
2
t ), (35)
with A
elLelR
P = A
elRelL
P and A
elLelL
P = A
elRelR
P = 0, that for A˜
elieli
S,H is
A˜
elieli
S,H = −
∑
H=h,H
g
Helieli
(
v2
sˆ
)(
1
1−m2
H
/sˆ+imHΓH/sˆ
)
×
∑
q=u,d
[(
c2q gHeqLeqL + s
2
q gHeqReqR + 2(sqcq)gHeqReqL
)
S(sˆ; m˜2q1) +(
s2q gHeqLeqL + c
2
q gHeqReqR − 2(sqcq)gHeqReqL
)
S(sˆ; m˜2q2)
]
, (36)
with cq = cos q and sq = sin q, and q spanning over all three generations. We remind that
in the limit of vanishing chirality-mixing terms in the squark sector, cos q → 0, sin q → 1,
and q˜1 → q˜R, q˜2 → q˜L.
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Figure 5: Imaginary and real part of the functions F (sˆ;m2), P (sˆ;m2), and S(sˆ;m2) versus sˆ.
The value of m is fixed to be mt for F and P , shown by the azure long-dashed line and the
magenta dot-dashed one, respectively. Two values of m are chosen for S, shown by the two olive
lines: m = 100GeV (solid line S1), and m = 200GeV (short-dashed line S2).
The function S(sˆ;m2
eqn
) is given in Eq. (8) in Sec. 2.1, F (sˆ;m2t ) and P (sˆ;m
2
t ) are
F (sˆ;m2) = τ [1 + (1− τ)f(τ)] ,
P (sˆ;m2) = τ f(τ), τ ≡ 4m2/sˆ, (37)
with f(τ) already defined in Eq. (9). The imaginary and real parts of the three functions
F (sˆ;m2), P (sˆ;m2), and S(sˆ;m2) are plotted in Fig. 5 versus sˆ. We have taken m = mt
for F and P , and the two values m = 100 and 200GeV for S. The two resulting functions
of sˆ in this last case are called S1 and S2 in this figure. See the two olive lines, solid
for S1 and short-dashed for S2. The azure long-dashed line and the red dot-dashed one
represent F and P , respectively.
It should be noted here that, because of the sum rules in Eqs. (10) and (30), the
constant term -1 in the definition of the function S does not contribute to the evaluation
of A˜
elielj
QC and A˜
elielj
S,H, when the quartic and trilinear couplings considered here are determined
by D-terms. In this case, the function S contributes to these truncated amplitudes exactly
like the function P . The values of the relevant real part of S is then obtained shifting
upward by the constant value 1 the two olive lines in Fig. 5.
The functions F and P (and S, when the relevant couplings come from D-terms) vanish
in the limit sˆ → ∞, for fixed m, and also in the limit m → 0, for fixed sˆ. For m = mb,
both the real and imaginary part of F and P are at most of O(10−3). Nevertheless, the
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contribution from a bottom-quark loop, with truncated amplitudes analogous to those
from the top quark given in Eqs. (34) and (35), is enhanced by the factor (v/mb), and
unsuppressed values of the couplings YHbb and YAbb in the case of large tan β. Depending
on the value of tan β, it may end up being the dominant contribution.
The generalization of the formulae in Eqs. (34), (35), and (36) to the case with non-
vanishing chirality-mixing terms in the slepton sector can be easily obtained using the
algorithm of Eq. (14) applied to A
lilj
S and A
lilj
P .
3.1 Results
Even before presenting numerical results, it is possible to draw some general observations
on the truncated amplitudes induced by the Higgs-boson exchange from an inspection of
the couplings YHtt, YAtt, gHeqieqj , and gAeqieqj , as well as gHelielj , and gAelielj , for a given Higgs
spectrum.
We shall examine below three different Higgs spectra. Spectrum I has all three Higgs
bosons, h, H , and A, light and maximally mixed, i.e. cosα ∼ − sinα ∼ 1/√2. All the
three states have masses below the threshold
√
sˆmin = 2m˜li . Thus, no resonance is encoun-
tered when integrating sˆ from sˆmin to s. Spectrum II has mA >∼ 2m˜l, i.e. mA >∼ 200GeV
in our case study; mh and mH are calculated as explained at the beginning of this section,
and depend on tanβ and the specific squark sector chosen. In this case, it is in general
cosα ∼ 1, and sinα is small, but nonnegligible. The resonant contributions of H and
A are expected to lift up the values of our cross sections. Spectrum III has A and H
rather heavy and completely decoupled from our problem. The mixing angle α is such
that cosα = 1 and sinα = 0, to a very good accuracy.
We consider first the case of vanishing chirality-mixing terms in the squark sector,
as in the squark spectrum A specified in the previous section. In this context we start
concentrating on the couplings gHeqLeqL and gHeqReqR, the only ones giving a nonvanishing
contribution to A˜
elieli
S,H.
Because of the sum rule in Eq. (30), also the contribution to A˜
elieli
S,H from D-terms, as the
contribution to A˜
elieli
QC, vanishes identically in the limit of a completely degenerate squark
spectrum. The squark spectrum A, which we shall use in the following, was however
conceived precisely with the aim of evading the effectiveness of this sum rule.
Unlike in the case of A˜
elieli
QC, F-terms give now contributions to A˜
elieli
S,H, that are nonva-
nishing. By inspecting the couplings gHeqLeqL and gHeqReqR in Table 3, it is easy to see that
F-terms assign a privileged role to the t˜ squarks. All other F-term contributions to these
couplings are small even for large values of tanβ. This holds in particular also for the b˜
squarks, whose couplings receive an F-term contribution always multiplied by cos β.
In addition, the F-term contributions to the couplings g
HetLetL
and g
HetRetR
are in general
larger than the contributions from D-terms to any of the couplings gHeqLeqL and gHeqReqR, for
any q. In the case of the h exchange, when, however, the cross section is expected to be
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small, (hU)
2
33 sin β cosα dominates over | sin(β +α)dH0uH0u,etRetR | and | sin(β +α)dH0uH0u,etLetL |
by a considerable margin. Similarly, |(hU) 233 sin β sinα| dominates also over | cos(β +
α)dH
0
d
H0
d
,etRetR | and | cos(β +α)dH0dH0d,etLetL |, in the case of the heavier Higgs boson exchange
H , except when sinα is very close to its typical decoupling-limit value, sinα = 0. In this
limit, however, H is too heavy to be of any relevance for our cross sections.
We notice also that, |g
HetLetL
|, |g
HetRetR
| >∼ |YHtt|. Therefore a comparison of the relative
size of A
elieli
S,H and A˜
elieli
S,H, amounts practically to a comparison of (v/mt)F (sˆ, m
2
t ) versus∑
i(v
2/sˆ)S(sˆ, m˜2ti), i = 1, 2. The t˜ squark loop is clearly penalized by a factor (v
2/sˆ) with
respect to the factor (v/mt), constant in sˆ. Moreover, as Fig. 5 shows, when integrated
in sˆ, the function S gives a smaller contribution to A˜
elieli
S,H than the function F gives to
A
elieli
S,H, at least as far as the real parts of these functions are concerned. In contrast, the
imaginary part of S can contribute more than the imaginary part of F for very light
squarks, i.e. ∼ 100GeV.
Thus, if the squark sector has vanishing chirality-mixing terms, we expect the dom-
inant contribution to A
elieli
S to be induced by the t-quark loop, followed by an in-general-
smaller contribution coming from the t˜-squark loop, with exact size depending on sˆmin and
the two t˜-squark masses. Finally there is a much smaller contribution from the b˜-squark
loop, at least as far as m˜bi ≃ m˜ti for (i = 1, 2).
Since (hE)
2
3,3 cos β is also small, the production of same-chirality sleptons proceeds
always through the D-term contributions to the couplings g
Helieli
, for any of the values of
tan β considered here (tan β <∼ 3). Therefore, the size of |A˜
elieli
S,H| from t˜-squark exchange
is expected to be in the same ballpark of the size of |A˜elieliQC| obtained before, except in the
resonant region sˆ ∼ m2H, where |A˜
elieli
S,H| has the chance to exceed |A˜
elieli
QC| substantially. We
have assumed here that also the slepton sector has vanishing chirality-mixing terms.
These observations are confirmed by the results shown in Figs. 6 and 7, where we plot
the cross sections for the production of right-handed and left-handed sleptons, respectively,
versus m˜q, which is defined in Sec. 2.2. In both cases we give these results for the Higgs
spectrum I and III. For spectrum I, we have used the values mh = 98GeV, mH =
162GeV, and tanα ∼ −1. In spectrum III, it is mh = 114GeV.
The Higgs-mediated cross sections, shown by the red and blue solid lines, are almost
horizontal, at ∼ 0.2 fb for the Higgs spectrum I, and ∼ 0.1 fb for the Higgs spectrum III.
That is, in spite of the fact that spectrum III contributes with the exchange of h only,
whereas spectrum I contributes with h and H , the value of the Higgs-exchange cross sec-
tion is very similar in the two cases, provided the two scalar Higgs bosons in spectrum I
are practically degenerate and have mass very similar to that of the light Higgs in spec-
trum III, i.e. mIh ∼ mIH ∼ mIIIh . This is true for both, A
elieli
H and A˜
elieli
H . It is easy to convince
oneself of this by inspecting the relevant couplings in Tables 2 and 3. A splitting between
mIh andm
I
H , however, is in general present in spectrum I, with size depending on the value
of tan β and the squark spectrum. This accounts for the roughly 50% difference in the
cross sections obtained for the Higgs spectrum I and III. Being practically independent
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Figure 6: LHC cross section versus the parameter m˜q in the squark spectrum A for the pair
production of right-handed sleptons induced by: quartic couplings only (black dot-dashed line),
Higgs exchange only (red solid lines, the upper one for the Higgs spectrum I, the lower one for
the spectrum III), and by both production mechanisms (red dashed lines).
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Figure 7: Same as in Fig. 6 for left-handed sleptons.
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Figure 8: LHC cross sections for the production of right- and left-handed sleptons versus mH .
The solid lines show the cross sections from Higgs exchange only, the dashed lines from both,
Higgs exchange and quartic couplings. For each of these two groups of curves, those which are
lower at the peak of the resonance correspond to the production of right-handed sleptons, the
higher curves, to that of left-handed sleptons. The squark spectrum A with m˜q = 100GeV,
which induces m˜t1 ≃ 200GeV (see text), was used for the evaluation of all squark loops.
of m˜q, the Higgs-mediated cross sections show explicitly that the contribution from A˜
elieli
H
is small compared to that from A
elieli
H , as already anticipated.
The quartic-coupling cross sections are shown by the black dot-dashed lines. They
coincide with those in Fig. 2.
The total gluon-initiated cross sections are given by the two red (blue) dashed lines,
the upper one for spectrum I, the lower one for spectrum III. Although the interference
effects can be significant, they are similar in size to the corresponding ones induced by
quartic couplings only. We remind that the squark spectrum A used for these figures was
chosen in such a way to maximize the size of |A˜elieliQC|, but not necessarily that of |A˜
elieli
S,H|.
Indeed, the value of the lightest t˜-squark in the loop ranges between 200–260GeV when
m˜q spans the interval 100–200GeV.
Enhancements of these cross sections are possible in the region in which the Higgs
boson H and/or A are resonant. The cross sections in this region are very sensitive to
the widths ΓH , which we have evaluated with the program CPSUPERH [14].
We plot in Fig. 8 the cross sections obtained for the production of same-chirality
sleptons at the lowest point in the squark spectrum A, as a function of mH . The smallest
value of mH is that of the Higgs spectrum I of Figs. 6 and 7, the largest value, is quite
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close to the mH of spectrum III in these same figures. No exchange of the pseudoscalar
Higgs boson A is possible in this case. The production of right-handed sleptons is shown
by red lines, that of left-handed sleptons by blue lines. The solid lines show the cross
sections induced by Higgs exchange only, the dashed lines show the cross sections due
to both production mechanisms. The enhancement over the values of the cross sections
shown in Figs. 6 and 7 is considerable for a rather large range mH . Although the t˜-squark
loop gives a subdominant contribution to the Higgs-exchange cross section with respect to
t-quark loop, a smeared peak is nevertheless visible at mH ∼ 2m˜t1 . Far less visible is that
at mH ∼ 2mt, because of the smoother behaviour at sˆ ∼ 2mt of the real and imaginary
part of the function F , with respect to that in the case of the function S. (See Fig. 5.)
At the peak of these resonances, the production cross sections for a pair of right-handed
sleptons are roughly twice as large as those for a pair of left-handed sleptons. This is
mainly due to the fact that |dH0i H0i,elRelR/dH0i H0i,elLelL| = (g22/4− g21/4)/(g21/2), for (i = u, d).
As in the case of those shown in Fig. 2, also these cross sections apply to the production
of slepton of first and second generation, as well as those of third generation for low tanβ.
A value tanβ = 3, for example, suppresses the τ -lepton Yukawa couplings sufficiently
to reduce rτ (see discussion in Sec. 2.2) to be about few percent, as requested in the
squark spectrum A. A moderate cancellation between (AL)3,3 and µ tanβ takes place in
the chirality mixing terms of the τ˜ sector, for a value of |µ| ≃ 100 GeV and |(AL)3,3| ≃
200GeV, presumably not too large to jeopardize the metastability of the color- and charge-
preserving vacuum.
The suppression of (hE)3,3, however, is not sufficient to reduce the couplings gHeτReτL ,
gAeτReτL and their conjugates, in which the parameters (AL)3,3 and µ appear in different
combinations, to be negligible with respect, for example, to the couplings gHeτReτR, gAeτReτR
coming mainly from D-terms.
Thus, the production of opposite chirality τ˜ -sleptons is possible even for chirality-
mixing terms in both, the τ˜ -slepton mass matrix as well as in squark mass matrices that
are nearly vanishing, and for a relatively low value of tanβ. This is in contrast to the
quartic-coupling case, in which the the production of opposite-chirality τ˜ sleptons requires
a large value of tan β.
Indeed, not only is the production of opposite-chirality τ˜ ’s possible in this case, but
it has a cross section larger than that shown for the same spectrum in Fig. 8, at least
in the resonant Higgs region. This is because both the two heavier Higgs bosons, H and
A, can mediate the t-quark contribution to the cross section. Notice that, because no
chirality-mixing terms are present in the squark sector, the exchange of the pseudoscalar
Higgs boson is possible only with the t-quark loop. Given the sharp behaviour of the
function P shown in Fig. 5, the peak at the t-quark threshold is now considerably more
pronounced than in the case of the cross section of Fig. 8 with exchange of only the Higgs
boson H .
The values of the cross section that this last figure shows on top of the Higgs resonance
are now quite interesting. We expect these values, as well as those for the production of
same-chirality sleptons, to increase even further for nonvanishing chirality-mixing terms in
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is identically vanishing.
the squark sector. Depending on the values of the trilinear soft parameters, µ, and tanβ,
also the b˜-squark contribution may become competitive with that due to the t˜-squark and
possibly also the t-quark.
The results shown here are rather promising. We believe these cross sections should
be studied in full generality for more realistic sfermion spectra than the one considered
here, and for all values of tanβ, in order to ascertain the possibility of probing, through
them, important elements of the supersymmetric parameter space.
4 Summary and outlook
We have discussed the possibility of producing slepton pairs through gluon fusion. Our
guiding motivation was that of assessing the impact that the quartic couplings q˜∗q˜l˜∗ l˜ can
have at the loop level for slepton production. If unmistakably detected, coupling such as
these could provide an important confirmation of supersymmetric models.
We have found that the corresponding cross sections are small. That due to the only
sizable quartic coupling from F-terms is small because it is proportional to the square
of the product of the Yukawa couplings of the b quark and the τ lepton. The slepton
produced are in this case τ˜ sleptons. The values of these couplings can be increased for
large tanβ. Nevertheless, the cross section gets in general penalized by the mixing effects
in the slepton and the squark sector, in spite of the fact that this last mixing is necessary
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to produce the effective coupling ggl˜∗l˜.
The cross section for slepton production is small also when it is induced by quartic
couplings from D-terms. The reason is due to a peculiar cancellation mechanism. Like
the Glashow–Iliopoulos-Maiani (GIM) mechanism cancels the contributions from degen-
erate fermions of up or down-type quarks with different flavour in loop-induced flavour-
changing-neutral-current processes, this mechanism cancels the contributions to slepton
production from squarks that are degenerate within each generation. The two cancella-
tion mechanisms have however quite different origins. The GIM mechanism is due to the
unitarity of the Cabibbo-Kobayashi-Maskawa mixing matrix, whereas the cancellation
observed in slepton production is due to the fact that the sum of the SM charges of all
quark fields in each family vanishes identically.
In contrast, what we had hoped to be only a supersymmetric background to the
gluon-fusion production of slepton pairs through quartic couplings, i.e. the gluon-fusion
production with the exchange of a Higgs boson, turns out to give interesting results. The
cross section can reach up to O(10) fb if the exchanged Higgs boson becomes resonant.
This value is obtained at the peak of the resonance, for a slepton mass of 100GeV,
for vanishing chirality-mixing terms in the squark sector. In this case, the dominant
contribution comes from the t-quark loop that of the t˜-squark is subdominant, and the
b˜-squark contribution is practically negligible. The same spectrum gives a cross section
up to 40 fb for the production of a pair of opposite-chirality τ˜ ’s even for tan β = 3 and
chirality mixing terms in the τ˜ sector practically negligible. Notice with the same type
of slepton spectrum, only same-chirality sleptons can be produced through the Drell-Yan
production mechanism [6].
We have not given explicit values of the cross sections when chirality-mixing terms
in the squarks and slepton sectors are nonvanishing, and for large values of tanβ, but
we have argued why we expect the cross section to increase in this case, at least for
sleptons still relatively light. A full-fledged analysis should be performed with more
realistic squark spectra than those used here, which were devised to maximize the gluon-
fusion cross sections from quartic-couplings. Moreover, when tan β is large, the tree-level
process bb¯ → mediated by Higgs boson exchange, should also be added, incoherently, to
the previous processes, in order to give a correct assessment of the values that the gluon-
initiated cross section can reach. This is because the b quark is contained in the proton
via a gluon and the bb¯-initiated cross section is of the same order in αs than those studied
here.
Finally, where the gluon-fusion mechanism of slepton production stands with respect
to the Drell–Yan production depends also strongly on the role played by the QCD cor-
rections to the two types of processes. Higher-order QCD corrections should indeed be
included, together with SUSY-QCD corrections. The QCD corrections for the gluon-
fusion mechanism are as those for the production of Higgs bosons [15, 16]. They are
known to be large, more than the corrections that QCD induces in the case of the Drell–
Yan production [17]. The SUSY-QCD corrections are also well known [18]. At large tanβ
those to the Higgs boson vertex may be well approximated [19] by the usual Yukawa
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coupling corrections.
It is widely believed that, if at all, sleptons will be discovered at the LHC through
cascade decays. The production of a pair of sleptons, if kinematically allowed, will provide
their direct mass measurement. Not much more than this can be learned from the Drell-
Yan production. The gluon-fusion production mechanism, in this respect is potentially
much more interesting since it can provide valuable information about A, µ, and tanβ,
and confirmations about the Higgs spectrum. Both mechanisms contribute to the pair
production of sleptons, and the total cross section may be larger than previously thought,
at least for resonant Higgs exchange. More detailed studies on this subject are clearly
needed.
Going back to the issue of quartic couplings, an extended gauge structure, for example
with an anomalous U(1)Y in which the cancellation mechanism can be avoided, may help
with their detection. It is however possible that the hadron collider environment is not
the best suited for this purpose. The possibilities that a linear collider may offer in this
respect should be explored.
In the case of its photon-collider option, for example, it is easy to find a situation
that parallels very closely the one described here of a pair of sleptons, which, in spite of
not being sensitive to strong interactions, can nevertheless couple at the one-loop level
to a pair of gluons, thanks to their quartic couplings to squark pairs. The situation that
immediately comes to mind is that of a pair of neutral scalars that can be coupled at
the one-loop level to two photons thanks to their quartic couplings to a pair of charged
scalars.
If the two neutral particles are supersymmetric Higgs bosons, the situation can actually
be much better than that of slepton production discussed here. Indeed, the cancellation
mechanism above described, which does work if the charged particles exchanged in the
loop are squarks, is violated when these scalars are sleptons. This is simply due to the fact
that the neutral components of the SU(2)L slepton doublets cannot couple to photons.
The production of a pair of supersymmetric Higgs bosons in a photon collider was
already considered in several papers [20, 21]. The charged slepton contribution to the
loop, is mentioned only in Ref. [21]. It is, however, difficult to understand from this
analysis the relevance of this contribution. It may remain buried under possibly larger
contributions, not only those due to the exchange of Higgs bosons, but also those coming
from box diagrams, that have no correspondent in our case of slepton production. A check
of the relative size of all these contributions would probably be worthwhile.
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